. In this article we have cited the records of the Graan Elevator Maatschappij (Grain Elevator Company, GEM) directly only when the information they contain is not (or not correctly) mentioned in Cocheret, who was able to consult certain reports of discussions that can no longer be found in the GEM archives.
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52 the elevators' important advantages: unloading a ship by vacuuming the grain out of its hold was several times faster than unloading by hand, and pneumatic elevators also incorporated automatic weighing and cleaning functions. But the mill owners met with a lukewarm response; the traders considered the speed of the existing system high enough. A committee of the Rotterdam Chamber of Commerce said that the traders would much rather take their time in receiving grain from the seagoing vessels, and that "the forwarding trade does not desire a quicker dispatch either."
2 Only one of the many middlemen in the Rotterdam grain business, J. C. Smalt, perceived a future for pneumatic unloading, and he would become the moving spirit behind the introduction of the new elevators into the port.
In April 1904 Smalt founded a company that ordered two elevators from Germany, the first of which went into operation in August 1905. Unfortunately, its built-in scale malfunctioned, which created a credibility problem. Smalt returned the elevators to the factory and asked that the automatic scales be replaced with manually operated equipment. In the meantime, the workers who weighed the grain, whose jobs were endangered by this new development, organized and went on strike. Because the German grain importers were largely dependent on the port of Rotterdam, they settled with the strikers and promised not to receive grain from the elevators. After more than a year and a half of indecision, Smalt's company put the two elevators into operation again in March 1907. This time the dockworkers began a guerrilla war against the elevators that culminated in such violence against strikebreakers that in July 1907 the Dutch army had to restore order. Following that episode, the traders, ship agents, and stevedore firms joined forces against the workers, and within a couple of years they had managed to introduce the grain elevators in Rotterdam on a massive scale. In 1913 a fleet of floating pneumatic elevators unloaded 96 percent of the grain in Rotterdam. 3 The elevators used in Rotterdam became the standard for continental European ports, although not all of themRotterdam's main competitor, Antwerp, was the most important exception-mechanized as rapidly. A new technological regime, as we will call it in this article, had emerged through a process of radical innovation. 4 In this article we will set out to explain this remarkably quick and complete mechanization process in the port of Rotterdam. Why did it happen when it did? Rotterdam had become the most important grain port in continental Europe without any significant technological innovations in cargo handling, and it appears that when pneumatic elevators were introduced there ships carrying grain could still have been unloaded manually without major problems.
Because of the drama involved-the fierce resistance, the swift and radical transformation of the handling regime-this is a fascinating story in itself. The port of Rotterdam is a rich research site for bringing together labor and entrepreneurial perspectives. Moreover, port technologies are crucially important for any transport history and in a broader sense for any history of regional and world markets. Ports are local spaces where various streams of people and goods come together, needing to be coordinated and linked to each other. Global markets are coproduced and materialized in local harbor layouts, cranes, and other cargo-handling equipment. Yet the main reason to tell this story is methodological. This revealing case study will demonstrate how to combine macro-, meso-, and microlevel developments into one multilevel model, and we will argue that such an approach is necessary for explaining radical technological change. 5 The Multilevel Perspective
The rise of Rotterdam as a major port has been explained by several macrolevel factors, such as German industrialization, the superb location of the city at the mouth of the Rhine, and the emergent global economy of the second half of the nineteenth century, made possible by the development of steam technology, especially in rail transport and shipping. 6 One 54 might argue that the introduction of the elevators resulted largely from these macrolevel factors, which created new opportunities to be seized by Rotterdam entrepreneurs. Yet this argument leaves unexplained why the change should have happened between 1901 and 1907, why it took place so rapidly, and why so many traders opposed it initially. Was it just a conservative attitude that needed to be crushed by the innovative spirit of Smalt?
We think not. Macrolevel factors such as changing trade patterns are important because they constitute the background for technical change; they provide windows of opportunity and a set of barriers for development. There are three kinds of macrolevel factors: first, rapid external shocks, such as wars or fluctuations in the price of oil; second, long-term changes, such as German industrialization; and third, factors that do not change or that change only slowly, such as climate. This is a highly varied set of factors that can be combined into a single category because they form an external context that the actors cannot influence in the short run. The ensemble of all relevant macrolevel factors is part of what we refer to as a sociotechnical landscape. This metaphor seems appropriate because it refers to the background nature of the ensemble and to both technological and social developments. The components of the landscape are determined by the chosen unit of analysis-in our case, grain handling in the port of Rotterdam. By their nature these background developments cannot sufficiently explain the timing and nature of radical change. 7 To explain why the mechanization of grain handling in Rotterdam took place when it did and how it did, we need to follow the actors at the microlevel and study how they carved out and negotiated a particular course. We need to find out how groups involved in this controversy redefined the problems in such a way that elevators became the appropriate path for grain handling. cost, and versatility. Institutional and regulatory forces may also hinder implementation. Finally, actors may not believe that an emerging technology will be an improvement, and so focus on optimizing dominant solutions. Hence, actors who push for radical innovations have to operate in niches where the technology is protected from immediate market and regulatory pressures and from the negative attitude of the larger constituency behind the dominant technology. 9 In these niches specific selection criteria operate that make a new technology attractive for users who have particular demands and are prepared to accept certain disadvantages.
The first applications of electricity were, for example, targeted at the niche markets of world fairs, theaters, and public events. High costs were traded against excitement.
10 How do niche technologies become dominant solutions? Through a process of branching out. Electricity moved on to niches in the transport, household, and factory markets, and eventually became more widely diffused and partially displaced oil and gas technologies. Of course, many niche technologies have difficulty spreading beyond their initial small market, where they flourish because of special circumstances. Radically new technologies require a host of changes that usually take time and meet much resistance.
The concept of niches alone does not suffice to explain the emergence and diffusion of radical innovation. We need to capture the environment that restricts entry of radical new technological options. We propose to call this environment a technological regime and to position it at what might be called the mesolevel, because of the influence it has on actor choices and preferences. 11 We define the notion of regime as the grammar or rule set embodied in engineering search heuristics, user preferences, expectations, 11. See also the work of Thomas Misa, who points to the importance of a mesolevel analysis. In his view, a macrolevel study is prone to technological determinism, while a microlevel study will not allow for drawing broader conclusions about the technological construction of society. Misa's solution is to focus on a midlevel (or mesolevel) methodology that directs attention to networks that mediate between the macro and the micro. Our definition of the mesolevel differs in that we focus on rules. However, our multilevel analysis can be used to answer his call to study both the social construction of technology and the technological construction of society while avoiding a technologically deterministic approach. This article can be read as an attempt to move beyond a typical social constructivist focus on actors shaping new technologies, since we pay attention to how technologies become regimes and, over the long term, change the landscape. See Thomas J. Misa, "Retrieving Sociotechnical Change from Technological Determinism," in Does (Cambridge, 1988) . In these formulations, the generation of variations is either random or directed by a technological regime, but it is independent of the selection process that determines the ultimate fate of those emerging variations. In our approach, both variation and selection are guided by a technological regime and thus are coordinated: the variation process is tuned to the subsequent selection. Gabrielle Hecht employs a similar concept in The Radiance of France: Nuclear Power and National Identity after World War II (Cambridge, Mass., 1998), in which she uses the idea of technopolitical regimes that govern technological development to stress the presence of purposeful policies prescribed by a regime. We put less emphasis on purposeful agency and highlight the importance of rules, which are often applied on a routine basis, but our conception comes close to hers. The notion of a regime differs from the Hughesian idea of technological systems because such systems are not assumed to prescribe behavior, an idea that is central to the concept of regime; see Thomas P. Hughes, Networks of Power: Electrification in Western Society, 1880 -1930 (Baltimore, 1983 .
13. This view of agency is congruent with the work of leading sociologists, especially Anthony Giddens. In Giddens's structuration theory, the duality of structure is central. In his view, actors are guided by rules and resources that make up social structures, while these structures are themselves the product of knowledgeable human actors. We call such a structure internal because it directly guides the actions of the actor, who has internalized the rules. In our model, explanation is a question neither of identifying a set of causal factors in the context nor of following the actors in a microconstructivist study. Explanations are located in the coincidence of developments at several levels. At the macrolevel, windows of opportunity and barriers arise that do not influence actor behavior in any direct way but form an external background. However, they do make it easier for actors to follow certain paths rather than others. The practice, perceptions, and actions of actors are not only influenced by external factors, they are also guided by the internalized rules of a technological regime (the mesolevel). An important feature of this multilevel model is that agency matters and must not be conceived as antistructural. Here we differ from Fernand Braudel, who defined agency ("events") mainly as a superficial disturbance of structural change.
14 We contend, however, that history is, to borrow a felicitous phrase from Andrew Abbott, a contingent narrative. The multilevel model asserts the indeterminate nature of historical processes while claiming that, given the narrative unfolding at several levels, certain developments become more probable than others. 15 We have developed this model to contribute to the elaboration of the contextualist paradigm that has emerged in the history of technology over recent decades. 16 The case study of the introduction of the elevator serves to demonstrate the usefulness of our approach.
What is the contingent narrative, then, of the introduction of the elevator to the port of Rotterdam in the early decades of the twentieth century? Which sequence of actions located in which technological regime led to a process of niche formation and regime shift? Which role can be allocated to the sociotechnical landscape in the narrative? To this story we now turn, leaving a further theoretical, empirically informed discussion to the concluding section.
Windows of Opportunity
Around 1900 grain was exported to northwestern Europe from several regions: the Black Sea, the Baltic, and North and South America. Importers resold this grain to other traders or directly to millers in the hinterland. (We will follow the practice current in Rotterdam at the time of using the 14. Fernand Braudel, On History (Chicago, 1980), 10-11 and 27. Braudel never theorized the relationships between event, conjuncture, and structure (longue durée), while the multilevel model is built on the idea that microchanges can build up to structural changes.
15 58 terms "trader" and "importer" interchangeably. End users-that is, mill owners-sometimes dealt directly with exporters and might therefore be called importers too, which adds somewhat to the confusion.) In 1900 grain was one of the most important products shipped from overseas into Rotterdam, and the volume of grain imports there had grown significantly since 1893 ( fig. 1 ). The grain was usually carried by tramp steamers, and a full cargo would consist of several consignments. 17 Only in the North and South American trade did regularly scheduled freighters play an important role in grain transport.
Grain was traditionally transported in bags, but around 1870 the United States began bulk shipments of grain to Europe. This practice was particularly encouraged by the advent in the United States, around 1850, of grain elevators, storage silos equipped with mechanical means to move grain.
18 By the turn of the century practically all American grain exports to 
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European ports were bulk shipments. At the time, the Black Sea region was the main grain supplier of Rotterdam, and we may assume that a significant proportion of the grain from that region also arrived in bulk, and that the same was true of imports from the Baltic countries as well. 19 By 1913 virtually all Black Sea and Baltic grain came to Rotterdam in bulk. 20 Many different parties were involved in grain handling in the port of Rotterdam.
21 Dockworkers employed by stevedore firms unloaded the ships, employing baskets and winches-the only mechanical devices used-to bring the bags up from the hold onto the deck ( fig. 2 ). There the grain was weighed, using small, manually operated scales. Eighty kilograms was about the maximum weight of a bag of grain, though the exact weight depended on the type of grain. Specialist weighers were employed by importers through the mediation of factors (cargo superintendents), who played a central coordinating role. Often both exporters and shipowners had their own middlemen to check the weighing (the shipping companies had an interest in accuracy because their freight revenues depended on weight). Then the grain was transferred, either bagged or in bulk, to barges for transportation into the interior. 22 The factors made sure that the barges to the hinterland. Note that the term "factors" has a very specific meaning in the context of the Rotterdam grain trade; these were cargo superintendents, not commission agents or sales agents or the like. 23. Uyttenboogaart, 284. 24. See the report of the RCCA committee on the visit of the Verein deutscher Handelsmüller (n. 2 above).
60 arrived alongside at the proper time. The weighers and other men hired by the factors were also involved in checking the quality of the grain by sampling it and by measuring its specific gravity. In short, quite a number of intermediaries were involved in grain handling. When we realize, moreover, that each ship carried cargoes for several importers, each with its own factor leading a group of workers, the observation "that in the beginning of the twentieth century a discharging grain ship gave the impression of a teeming ant hill" surely seems apt. 23 This regime of manual cargo handling, laborious and complex as it appears, presented no serious productivity or control problems at the time. The traders considered the prevailing handling rate of 10 tons per hour per shift fast enough. 24 They also appreciated the system's flexibility; for example, when the importers had not yet resold their grain, or when barges were FIG. 2 A grain ship being manually unloaded, date unknown. The winch in the background is being used to bring baskets of grain from the hold onto the deck of the ship. After the grain had been weighed on deck it was taken to the ship's rail, and from there the bags were slid down a chute to a waiting barge or-as this photograph shows-were emptied into the chute onto the barge for bulk transport. 29. Van Lente (n. 1 above). He borrows the phrase "crisis of control" from Richard unavailable or too expensive, unloading slowly saved on storage costs. Manual grain handling permitted the speed of unloading a ship to vary; one could shrink or expand the number of workers, for instance, as they were not employed on a regular basis. The use of expensive machinery, by contrast, favored unloading at the highest possible speed. Similarly, mechanization tended to infringe on the traders' preference for flexibility; several protested vigorously when the Holland America Line, which had begun to use bucket elevators in 1896, forced them to receive their grain in consignments of at least 60 tons.
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The complex nature of the grain trade also provided those involved in it with other opportunities for wheeling and dealing-or even cheating. By manipulating the scales, placed on a ship's deck that was always in motion, the weighers tried to benefit their principals-the importers-by recording short weights. The exporters' checkers tried to prevent them. Russian exporters were repeatedly accused of adulterating the grain with sand or other substances. Eventually these exporters and the German and Dutch importers agreed on a method of arbitration. The so-called German-Dutch contract, the first version of which was drawn up in 1904, more or less resolved this issue. 26 Rotterdam entrepreneurs actually played down the problem of theft: in 1900 a committee of the Rotterdam Chamber of Commerce concluded that the quantities stolen in the port itself were small, and that most thefts occurred after the grain had left the port-that is, as it was transported into the interior. 27 In all, while those involved in the grain trade at Rotterdam were eager to regulate, they valued the control they had over aspects of grain handling in the port under the existing system. 28 It is therefore doubtful that the entrepreneurs involved perceived a "crisis of control" that triggered mechanization, as Dick van Lente has argued. 29 On the contrary, the traders believed they could effectively respond to perceived problems by regulation, and hence optimize the existing-in their view, stable-technological regime.
Nevertheless, developments at the landscape level-continuously rising grain imports, shipped ever more frequently in bulk-offered a window of opportunity for innovators in handling technology. As early as 1882 a company attempted to introduce a bucket elevator for loading grain into the port of Rotterdam. (A bucket elevator works like a dredging machine, digging cargo out of a ship's hold by means of buckets or skips.) It was a primitive device and quickly suffered a sad fate; outraged by the threat to their employment, in 1883 the dockworkers set fire to it. 30 This event so traumatized the port companies that when the Holland America Line (HAL) installed a bucket grain elevator in 1896, so that its large, new, regularly scheduled liner could be discharged on time, they decided to retain all of their workers, regardless of the elevator's laborsaving potential. (A crew of dockworkers could unload only 10 tons per hour by the usual manual method, in comparison to the bucket elevator's 60 tons per hour). 31 In this way, the new technology was fitted into the existing regime.
The use of bucket elevators in Rotterdam (the HAL put two more into operation before 1900) remained restricted to the niche created by the Holland America Line, and the new technology did not diffuse into the less time-sensitive market of nonscheduled tramp ships. That pattern changed, however, with the introduction of a new type of elevator. capacity of 6,000 tons of grain. If two pneumatic elevators were used, with a crew of fourteen on each one, the job was done in two days. 32 This was a reduction in labor input of 94 percent.
How did the pneumatic elevators work? The grain was vacuumed from the ship's hold and discharged into a reservoir at the top of the elevator tower, using a steam-driven pump to create the vacuum. From the reservoir it fell by gravitational force into an upper bunker, from where it could be poured onto the scales. A lock between the reservoir and the bunker preserved the vacuum. From the scales the grain flowed to a lower bunker, and from there it was discharged into a barge, again by gravity (fig. 4) .
The technique employed had been understood long before 1901. The first experiments with lifting grain by means of airflows had taken place around 1863. 33 In Liverpool in 1893 the Millwall Dock Company put into operation the first floating grain elevator that worked properly, designed by Frederick L. Duckham. 34 In 1896 the firm G. Luther AG in Braunschweig, a company specializing in grain-milling equipment, acquired the right to man- In August 1901 the delegation of the Verein deutscher Handelsmüller mentioned at the beginning of this article visited the port of Rotterdam in an attempt to pave the way for the introduction of pneumatic elevators there as well. 35 The German mill owners probably came to the Netherlands 37. In 1898 the N.V. "Het Nederlandsche Veem," formed by the amalgamation of three old warehouse companies in Amsterdam in 1896-97, took over the Rotterdam forwarding and grain factor business Borleffs and Company and built a grain silo with a warehouse, called the "Eersteling," in the port of Rotterdam. For those days it was a huge building, with conveyor belts and a bucket elevator on the quay on which it fronted. The idea probably was to discharge grain directly from the ships into the building. But the new company was not able to fill the warehouse-it was not common then to store grain that way in seaports-and from the beginning the Eersteling was regarded as a failure. See H. van So it was actually the machine builder who, indirectly, pushed for the application of the new technology. Meyer's arguments met with a skeptical reception except from J. C. Smalt, delegated supervisory director of the N.V. "Het Nederlandsche Veem," a Rotterdam warehousing, grain forwarding, and grain factor company. Smalt, an entrepreneur with many years of experience in the grain trade, had been appointed only a couple of months before to save the failing business, and he became the moving spirit behind the introduction of elevators in the port of Rotterdam. 37 For Nederlandsche Veem the grain factor department was vital, and Smalt worried that the company might lose much if not all of this business to an elevator company. During a board meeting on 12 September 1901, Smalt reported on his trip to Hamburg and Bremen, where he had seen the elevators in operation. The visit had convinced him "that the floating elevators will come to Rotterdam; if we don't introduce them, it will certainly be done by others." 38 Nederlandsche Veem was in dire straits financially, so Smalt had to look for partners to get an elevator company off the ground. 40. This separation occurred because the grain lost speed as it entered the reservoir and settled on the bottom, whereas the lighter dust and (some of) the dirt kept swirling and could thus be collected separately.
41. It became common practice in Rotterdam, as in most other ports, to add back to the grain, prior to weighing, the dust that had been separately collected-in the eyes of some cargo-handling experts, an almost ridiculously inefficient practice; 42. For Smalt's activities and investigations, see the correspondence in GEMA, box no. 508, RMA, and Cocheret (n. 1 above).
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served that unloading by elevator made it difficult, or even impossible, to receive grain in bags even when that was desirable; in February 1904, for instance, a trader wrote Smalt noting that the elevator was impractical for the fine-gridded distribution of grain in bags within the Netherlands. 39 Nor did the elevator's cleaning function fit in with the existing technological regime. The Verein deutscher Handelsmüller emphasized the advantage of separating the grain from the dust and other dirt, arguing that since the grain in the elevator was cleaned before weighing the receivers had to pay import duties only on the weight of the pure grain, which would save about twenty million German marks on a yearly basis. 40 The Chamber of Commerce committee noted, however, that the sellers would simply raise prices if cleaning the grain at the port proved financially unfavorable to them. 41 The committee did see one important advantage in the elevator: the cost savings it conferred could attract additional cargo to the port. Whether this mattered remained to be seen, for Rotterdam was already the largest grain port in continental Europe. At any rate, the committee was careful to modulate its reaction; the memory of the destruction of the bucket elevator in 1883 was still vivid. Although rapid unloading, which enabled more round trips per ship per year, would benefit shipowners greatly, the Rotterdam ship agents gave Smalt's initiative only a lukewarm welcome.
Failed Niche Formation
Eventually Smalt managed to convince the leading Rotterdam ship agents of the merits of pneumatic unloading. Exploring the technological features of the elevators was a vital step in this process. Smalt acquainted himself with the construction of elevators from different manufacturers. 42 Between 1901 and 1904 elevator design developed rapidly, so that it became possible to discharge larger ships ever more efficiently. The company mainly responsible for this rapid development was the leading continental elevator manufacturer, Luther AG, which adapted, through trial and error, the orig-43. On elevator design developments, see Müller (n. 35 above), who was probably an engineer at Luther AG. Unfortunately, his article entirely lacks source citations. The first English elevators were equipped with several towers, with the idea being to unload a ship through several hatches at once, but in practice this proved awkward. Moreover, these Duckham elevators had a much squatter shape, which was well adapted to the small river barges of London but not very suitable for larger ships. Unloading these entailed bending the suction pipes-which the elevator builders did not perceive as a problem until the turn of the century because they labored under the faulty idea that transportation of material via airflows was the same as transportation of liquids, which failed to take into account the considerable loss in speed of the grain when it struck the walls in the bends of the pipes. Based on its discussions with Smalt and other customers, Luther implemented design changes step by step. Finally, the company decided to build an elevator for Rotterdam with a single tower almost 20 meters high (including the reservoir), much taller than the first elevators, which were based on the Duckham patent. See KostenAnschlag über einen schwimmenden pneumatische Getreideheber von 150 tons stündlicher Leistung mit später einzubauender Getreidereinigungsanlage, 18 July 1903 and 10 November 1903, GEMA, box no. 1, inv. no. 2b, RMA. The first two Luther elevators for the port of Rotterdam became, according to Müller, the standard for German elevator construction.
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inal British elevator design to circumstances in continental ports. 43 Finally, Smalt decided to take his chance with Luther. In March 1904, nearly three years after the visit of the Verein deutscher Handelsmüller, several parties joined together to found the Maatschappij tot Exploitatie van Drijvende Elevatoren (hereinafter the Elevator Company, for simplicity). Together with his fellow director of Nederlandsche Veem, D. L. Uyttenboogaart, Smalt took on the management of the Elevator Company. Besides Nederlandsche Veem, the main participants in the Elevator Company were five leading Rotterdam ship agents. Two smaller ship agents, three factors, one stevedore firm (Thomsen), Max Münzel (director of Luther AG at the time), Smalt, and some other individuals bought smaller numbers of shares. In this way a network was formed to support the niche in which the manufacturer and various groups of users participated. In vain Smalt tried to persuade the German importers to participate in the company, given their apparent interest three years earlier. In hindsight, we can see that the visit in August 1901 by the German mill owners gave a misleading impression concerning the attitude of German importers toward the grain elevator.
In April 1904, the company ordered two grain elevators from Luther, which together could handle no more than about 10 percent of Rotterdam's annual grain throughput. Besides lack of capital (each elevator cost about 185,000 Dutch guilders; the hourly wage of a dockworker was around 0.25 guilders at that time), the innovators had a strategic consideration for this niche focus: they did not want to upset the dockworkers and middlemen too much, for without supporting measures existing relations would be adversely affected. In contrast to the HAL's installation of a bucket elevator or the use of pneumatic elevators in foreign ports, which served only the needs of individual liner shipping companies, these elevators were being 44. This is confirmed by an observation in a Dutch newspaper: "In Hamburg, Bremen, and London such machines were already in operation, although in the ports first mentioned they were operated exclusively by the transatlantic steam-shipping companies themselves, which saw the advantages of applying these machines for a quicker dispatch. Rotterdam, however, is the first continental port where a company provides the elevator to 'traders,' to ships arriving and leaving at irregular times. 44 This threatened not only various dockworkers' jobs but also the stevedore firms and factors. In a report dated 1 February 1904, written for the planned elevator company, a committee of the five leading ship agents sought to clear the air in advance. Grain handling by elevators, the committee recommended, would be organized so as to leave the stevedore firms and factors unaffected. 45 The report further emphasized that the coming of elevators would lead to an increase in grain traffic to Rotterdam, moderating the loss of jobs. In fact, Smalt later maintained that the limited setup, with only two elevators, able to handle just 10 percent of the grain arrivals in Rotterdam, was mainly meant to spare the workers as much as possible. 46 In July 1905, well over a year after the founding of the Elevator Company, the elevators were ready for use. In August, just as they went into operation, a serious flaw came to light. Each elevator was equipped with two automatic scales, each of which could weigh up to 78 tons per hour (this roughly corresponded to the elevator's unloading capacity of 150 tons per hour). 47 But the scales were inaccurate; Luther had not taken into account the "live weight" of the grain falling onto the scales, which caused them to register too heavy a weight. 48 of automatic scales, which shows that there was precedent for the Rotterdam traders' concerns; Luther to Smalt, 11 September 1902, GEMA, box no. 508. The traders' fear that automatic weighing on a floating elevator was not reliable enough is quite understandable, as the elevator would move under the impact of the grain. Luther must have known about this, but the company's aim apparently was a standard machine in which as many functions as possible were mechanized.
49. Minutes of the meeting of the supervisory directors of the Elevator Company, 5 October 1905, GEMA, box no. 501, RMA.
50. To be precise, the German importers promised only to accept grain weighed in the conventional manner, bag by bag; in practice this meant that unloading by the elevators made no sense.
51. Graswinckel and Ott (n. 30 above), 48; K. K. Vervelde, personal communication.
VAN DRIEL and SCHOTK | KGrain Elevators in the Port of Rotterdam
69
Although the management of the Elevator Company thought that a simple adjustment-installing a screen to break the grain's fall-might solve the problem, it opted instead to replace the automatic scales with manually operated scales of similar hourly capacity. 49 Two considerations influenced the company's decision: fear of further lawsuits over incorrect weights and, possibly more important, a desire to restore its credibility, for the failure had confirmed distrust of automatic scales. One of the technical possibilities of the new elevator was thus sacrificed to accommodate the traders' existing preferences.
The incident considerably retarded the introduction of elevators into the port of Rotterdam and had significant consequences for the innovation process. It took a month and a half to install the manual scales, during which time the opposition organized. The stevedore firms and factors joined forces to frustrate the Elevator Company, or at least to extract concessions on handling rates. The strongest opposition came from the weighers, elite dockworkers whose livelihood was immediately threatened. On 4 November 1905, all 450 weighers working in the port went on strike, seeking a guarantee that they would remain employed.
This strike, supported by the checkers and other dockworkers, particularly affected the German importers, because import duties on grain shipped to Germany were to be raised in March 1906. In the intervening few months they understandably wanted to import as much as possible, and in the depths of winter the Rhine would be difficult or impossible to navigate. To settle the strike, the importers promised not to accept grain from the elevators until May 1906. 50 As a result, at the end of 1905 the Elevator Company was forced to close down the elevators.
During the lull that followed, the traders' objections to the elevators arose again, and more emphatically. To be sure, there were dissenters in their ranks. Smalt himself was active in the grain trade and he was greatly respected by his colleagues. 51 Another prominent trader, P. W. Schilthuis, spoke favorably of the elevators in a meeting of the Comité van Graanhan- 55. Several observers suspected that the importers saw another disadvantage to the idea of weighing the grain in bulk. When the grain was weighed bag by bag, the importers usually received a certain overweight, which added up, whereas weighing grain by the ton would bring them a negligible advantage, if any at all; Van Lente (n. 1 above), 91-92.
56. Even large grain-processing installations in Germany were often not equipped to receive grain in bulk; Eugen Fridrichowicz, Die Technik des internationalen Getreidehandels (Berlin, 1908), 197-98. However, the grain was normally shipped in bulk from Rotterdam to a Rhine port, such as Mannheim, then bagged for transport by rail to the industrial processor; Borgius (n. 20 above), 76-79.
57. Minutes of a meeting of the Comité van Graanhandelaren and the German importers, 20 March 1906, notulenboek-5, CGA.
58. Borgius, 13; Everwijn (n. 27 above), 639-40. A publication coauthored by one of the directors of the Elevator Company attributed the dip in Rotterdam grain traffic in 1908 to the German traders' continued annoyance after the battle had been fought, suggesting that they imported much more grain through Antwerp than usual that year; Van As we have already noted, fast unloading indeed often was not in the interests of the traders-when they had not yet sold the grain, for example. Furthermore, receiving grain from the elevators would remain just as expensive for the traders as it had been, thanks to the Elevator Company's decision not to underbid the stevedore firms.
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54 Some traders particularly objected to the impossibility, when an elevator was in use, of receiving grain in bags and small consignments. 55 But the most active opposition came from the German importers, who were little concerned with this issue. 56 In the beginning of 1906 they extended their contract with the weighers to 1 May 1907. The leader of the German opposition, secretary of the RhenishWestphalian grain importers' association Levi Rosenthal, claimed that the quality of the grain was adversely affected by the elevators, that the elevators unloaded "too fast," and that short weights were detected at the Rhine ports. 57 In sum, many traders were afraid of mechanization; they felt it threatened their control of their grain-handling business, their ability to negotiate a given situation, and their operational flexibility. Prestige also played a role. The German grain importers, who had outstripped the Dutch traders in the decades preceding the elevator conflict, did not like to be told how to receive their grain by some local Rotterdam company. 62. Van Lente (n. 1 above), 93-109. After the nine Dutch traders had signed the agreement with the Elevator Company, they published a proelevator letter in a leading Rotterdam newspaper, in reply to an antielevator article by F. C. Hoyack of the Comité van Graanhandelaren in the same paper the day before. Their argument reflected the general view in Dutch society concerning the irrationality of obstructing technological progress: "One notices with surprise that there are still many workers, and not only they, who even in the twentieth century believe that they have to take the battle of the handicrafts against the progress of history. But the history of the last hundred years teaches us
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A New Regime
During the entire year of 1906 the Elevator Company did not use the elevators, though it did not remain idle. 59 From the company's point of view, the elevators had proven themselves technically as well as economically in the brief period during which they had operated. Based on data from November 1905, when the elevators handled 28,000 tons of grain, and taking into account the special circumstances of that month, the Elevator Company projected a net annual profit of forty-eight thousand Dutch guilders, for a return on sales of 29 percent. 60 It therefore made sense to continue the fight, although with a new strategy. By the end of 1905, Smalt had come to the conclusion that his gradualist approach had been wrong; in fact, paradoxically, one of the traders' objections was that the company had not ordered enough elevators. 61 Smalt now developed plans for an allor-nothing attack, ordering six or more new elevators. He would no longer build a small niche, but would try to capture a large part of the market all at once.
To succeed, the company first needed to build a wider and stronger network. In April 1907 it managed, by means of guarantees and attractive rates, to persuade the nine most prominent Rotterdam grain importers to work with elevators. How to explain the traders' change of attitude? The weighers' strike had precipitated an extensive debate in Dutch society on the "elevator question." It turned out that not only liberal and religious politicians and other opinion leaders but also most socialist intellectuals (including labor union officials) shared the prevailing view that resisting modern technologies was irrational and antimodern. 62 At the macrolevel, VOL. 46 72 then, technology had become an icon of progress, which provided a dominant cultural orientation. 63 Other developments reinforced the idea that technological change would go on no matter what. Beginning in March 1905, the leading Rotterdam coal trading company had put into operation several floating coal loaders, which made obsolete many workers who had loaded coal by hand into ships' bunkers and considerably reduced the amount of time needed to coal a ship (the analogy with grain handling is apparent). 64 And in 1907 a new company had installed five pneumatic grain elevators of the Rotterdam type for general use in Hamburg, working in close cooperation with the local factors.
The crucial change, however, occurred within the grain-handling regime: the conflict over the elevator had turned into a conflict over power in the port. By April 1907 the effect of the elevator technology on the process of unloading ships was no longer the main issue. Rather, control of labor had become the focal point. Initially the traders had blamed the Elevator Company for creating labor unrest, but eventually the fierce resistance of the workers produced an alliance among the various groups of entrepreneurs. In the eyes of the traders, the elevator conflict had ignited a struggle for power between them and the workers. On 7 May 1907, A. C. van Eyk, a subtle voice among the Rotterdam grain traders, noted that "no one is in favor of the elevator, but the aim is to remain in charge." 65 The struggle over the elevator, rather than problems within the existing regime, had stimulated a desire to become independent of the workers.
To break the dockworkers' resistance, the Elevator Company offered the stevedore firms a lucrative contract, which was signed in May 1907. Besides its own group of weighers, recruited after the deal with the traders, the Elevator Company could now also employ strikebreakers to unload ships, either using the two elevators or by the conventional method. The dock-workers responded with violence against the strikebreakers, in effect doing the dirty work for the weighers, whose agreement with the German importers bound them not to strike. After a brutal confrontation on 5 July 1907, the army became involved: Rotterdam was in a state of siege. At that point the patience of the German importers reached its limit. Earlier in the year they had extended their contract with the weighers by three years, to 1 May 1910, but in mid-July they expressed their desire to reach an agreement with the Elevator Company.
The workers now constituted the only remaining obstacle. The Elevator Company remained prepared to restrict itself to 10 percent of the grain traffic in the port for a period of three years. The workers did not want to give in, very likely because they suspected that after three years that self-imposed restriction would be lifted and probably also because they felt overconfident after the success of the weighers' strike. The importers eventually were able to appease the weighers by offering them a pay raise. On 23 September 1907 the workers called a general dock strike, which the weighers did not join. With the employers having joined forces, the strike had little chance of success. It ended after nine weeks and the only thing the dockworkers got out of it was a pay raise.
The day after the dock strike began the Elevator Company issued a prospectus for eight (later reduced to six) additional elevators. This time there was no difficulty in raising the required capital. The traders thought they should be rewarded for supporting the introduction of the elevator, which still supposedly was not in their own interest. In 1908 the Elevator Company was replaced by a new firm, the Graan Elevator Maatschappij (GEM). Equal shares in GEM were given to two groups: the ship agents, shipping companies, and stevedore firms (group A), and the traders (Dutch and German), forwarders, and factors (group B). Each group received fifty percent of the shares and each provided an equal number of supervisory directors.
In addition, measures were taken to permit the receiving of grain in bags. 66 Several alternative and smaller elevator designs were proposed in discussions between GEM and the traders, to be built by Dutch 
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Luther model. From 1911 to 1919, GEM operated several Luther elevators equipped with bagging installations, but this was uneconomical and, moreover, still too fast in the eyes of the traders. The solution of the problem proved to be the so-called double manipulation, introduced by GEM in 1910. The grain to be bagged was first dumped, unweighed, into a lighter, taken to an installation onshore, then bagged and reloaded onto the barge or a railroad car. This represented quite a concession by GEM to the receivers, because it did not fully charge them the costs of the extra handling. But although the radical new elevator technology was thus adapted to accommodate preferences stemming from an earlier regime, the key technology remained unchanged, and the traders had to accept that ships would be unloaded many times faster than before. The number of new elevators grew, and before the outbreak of the First World War the manual unloading of grain had virtually disappeared, and grain elevators dominated the harbor scene.
The Multilevel Model Revisited
With respect to grain handling, in 1900 no serious bottleneck existed within the technological regime that prevailed in the port of Rotterdam. Problems that did arise could be handled within this regime, by adopting trade regulations, for example. Nevertheless, a radical innovation in handling technology took place within a few years, which had an enormous effect on both labor requirements and the division of labor among the companies involved in the trade. How can we explain this?
We have shown it to be the result of a number of developments coming together at several levels. There was no strong pressure to innovate from the sociotechnical landscape, though it offered prospective innovators a window of opportunity. Grain traffic in the port increased every year, and would-be innovators could make a case, referring to this broader trend, that mechanization of the handling process was necessary to cope with the increasing flow of grain. Also, grain was increasingly shipped in bulk, which lowered the cost barriers for mechanical handling.
This window of opportunity was first exploited by the leading builder of pneumatic grain elevators, Luther AG. This "producer push" is an indi-cation that no strong need for radical innovation was perceived within the Rotterdam grain-handling regime (the mesolevel). The traders were satisfied with the existing unloading speed and appreciated the room for maneuver that the manual regime of handling grain afforded them. They worked on optimizing the regime by organizational measures, such as standard trade contracts. But Luther did find a partner to work with in J. C. Smalt. He in turn managed to persuade a number of leading ship agents (representing the shipowners' interests) of the prospects of the elevators, but he could not persuade the traders. Nevertheless, he founded a new elevator company.
This company opted at first to develop a niche, so as to reduce the threat to the existing regime. To appease the workers, the company explicitly expressed its initial intention to cover no more than 10 percent of the market, a market that was growing strongly at that time. In addition, the innovators assured the middlemen (stevedore firms and factors) that they would not lose their positions, even though the new technology would render them largely or completely superfluous. Finally, the grain elevator as originally designed by the producer was stripped of devices that were not in the interest of the traders.
However, due to contingencies at both the micro-and the macrolevel, the cautious strategy of embedding the innovation in the existing regime and introducing it gradually had a counterproductive effect. The unexpected failure of the weighing apparatus of the first elevator fueled distrust and opposition among major customers of the elevator company, the grain importers/traders. Until then they had been lukewarm toward the new technique. Although they were not blind to possible economic advantages, they deplored the loss of flexibility that would result from a sector-wide application of the new technology. Unexpectedly, one segment of the grain traders, the German importers, allied themselves with the Rotterdam grain weighers who had gone on strike after the weighing apparatus failed. Because the elevator company had agreed to cover only 10 percent of the grain-handling market, the German importers remained dependent on the weighers. Moreover, a vital element of the landscape (external context) came into play: duties on grain were about to increase, motivating the German importers to bring in large quantities of grain before winter came and the Rhine became less easily navigable. Therefore, they promised the weighers not to receive grain from the two elevators. The niche strategy had failed.
This specific configuration of contingent elements reveals the weakness of the network carrying the niche that the innovators had built. In particular, the trading community was strikingly absent. This was a pressing issue, since coordination was not easy to attain in the grain trade. Unlike the other main dry bulk businesses of coal and ore, the grain trade was fragmented into numerous relatively small buyers and sellers. And unlike the general cargo business, the grain trade was dominated by tramp shipping, where market niches to build on were much less easy to select than in liner shipping. In other words, due to a combination of contingent factors and characteristics of the grain trade, radical innovation by niche formation was very difficult to achieve.
Still, and this was of vital importance, the elevator quickly demonstrated its economic viability. This convinced the innovators that they were betting on the right horse. Smalt and his collaborators continued their efforts, but with another strategy. Abandoning their cautious approach, they sought to conquer a larger part of the market in one fell swoop. Again, dynamics and contingencies played a crucial role, this time in favor of the Elevator Company. In the first half of 1907 the conflict escalated, with persistent violence from the workers' side. The traders (and the other employers, such as the stevedore firms) now redefined their attitude toward the existing regime. Their objections to the new technology became less important than the question of who controlled in the port. Unlike before, the entrepreneurs now perceived a control problem in grain handling: the prevailing regime was redefined as outdated and one that would not allow Rotterdam to compete in the future. This redefinition was reinforced by a debate in Dutch society on the elevator question, in which resistance to the elevator (a specific technology) was equated with resistance to Technology in general. The redefinition was also supported by successful examples of mechanization, for example, of coal handling in Rotterdam and grain handling in Hamburg. In 1908 the Elevator Company was restructured into a new company in which the traders and their middlemen had a 50 percent stake. Moreover, the elevators themselves were embedded into the traditional regime through the installation of a special facility for receiving grain in bags. Now the way was clear for massive investments in the new technology. In 1913 the grain elevator company was operating twenty-four elevators, which unloaded 96 percent of the grain shipped through the port of Rotterdam. By that time it was hard to argue that the manual unloading of grain had been a viable alternative. Yet our narrative shows that the Rotterdam grain-handling regime could easily have looked very different.
